physical, chemical and biological signals and initiate signal transduction cascades to activate a cellular response [3] . Photons of light are detected by an ancient subfamily of the G protein coupled receptors: the opsin genes. In animals, photosensitivity serves many purposes, the most conspicuous of which is vision. Following the divergence of the ancestral vertebrate and invertebrate species, about 700 million years ago, the ancestral opsin gene underwent a series of independent duplication and diversification events [5] . In the early vertebrates, four successive gene duplication events produced five visual pigment opsin gene lineages [6] and the evolutionary basis of both photopic and scotopic vision (Figure 1 ).
Four opsin gene lineages encode the cone photoreceptor visual pigments, LWS (red), SWS1 (ultraviolet), SWS2 (blue/violet) and Rh2 (green). These opsin proteins, combined with a vitamin A-based chromophore, are responsible for bright light (photopic), colour vision. Differential sensitivity to the visible light spectrum -long wavelength (red) versus short wavelength (blue) -arises from amino acid differences in each opsin protein. The fifth opsin gene lineage, Rh1 (rod), is expressed in the rod photoreceptors and produces monochromatic, dim light (scotopic) vision [6] .
The vertebrate Rh1 and Rh2 genes were produced by duplication of the ancestral Rh opsin gene approximately 500 million years ago (Figure 2) , after the separation of the jawed (sharks and rays) and the jawless (lampreys and hagfishes) vertebrates [7] . So, colour vision clearly evolved first in the ancestral jawless vertebrates, with dim light vision appearing only after the evolution of the jawed vertebrates. Analysis of the genetic and functional complement of opsin genes in evolutionarily significant Complete vertebrate genome sequencing has revealed a remarkable stability and uniformity in the protein-coding gene set, which at first glance might suggest that gene duplication events are relatively rare. This may be a red herring, or at least a red cichlid, as the Lake Malawi cichlid fishes show rapid and extensive duplication and diversification of their retinal cone photoreceptor opsin genes. This relatively stable evolutionary history of the vertebrate cone and rod opsin genes is similar to many other multigene families and gives the immediate impression that gene duplication events are rare. Comparison of the completed vertebrate genome sequences identifies a high proportion of orthologous genes. An alternative interpretation would be that gene duplication events occur at a high rate but the overwhelming majority are not transmitted due to selection pressure [8] .
A study reported in this issue of Current Biology [9] provides evidence in favour of the latter interpretation. Jim Bowmaker and colleagues [9] have characterised the functional and genetic complement of cone photoreceptor opsin genes in four species of Lake Malawi cichlid fishes. All species harbour at least seven cone opsin genes that were generated by a series of consecutive gene duplication events within both the Rh2 (green cone) opsin gene lineage and the SWS2 (blue cone) gene lineage. Microspectrophotometry of isolated cone photoreceptors and in vitro reconstitution of cloned opsin genes confirmed that all seven cone opsin genes are functionally expressed. But different Lake Malawi cichlid species differentially and preferentially express only three of the possible seven cone opsin genes at any one time [9] . So, what are the factors that may have given rise to this rapid expansion in the hard-wired genetic diversity of cichlid cone opsin genes?
The cichlid populations of the African Great Lakes (Lake Victoria, Lake Malawi and Lake Tanganyika) have undergone the most rapid and species-dense adaptive radiations that we know about. Ancestral colonising populations migrated out from Lake Tanganyika into the other lakes and, in the last 100,000 years, have expanded and separated into about 500 new cichlid species in Lake Victoria. Over the last 250,000 years the colonising population in Lake Malawi has produced approximately 1000 cichlid species [10] .
The rapid rates of speciation in these cichlid fish populations are Careful analysis of the opsin genes of the Lake Malawi (clear water, short wavelength-rich) and Lake Victoria (turbid water, long wavelength-rich) cichlids has revealed positive selection in opsin genes in species living in the two different environments [12] . This is important, as it takes the numerous observations of matched light environment and visual sensitivities beyond a series of interesting correlations and demonstrates positive selection and adaptive, photic environmentdriven evolution in the East African cichlids.
From genome sequencing data, the rate of gene duplication has been estimated at 0.01 duplications per gene per million years [8] . This is much higher than the observed number of duplicated genes because gene gain is generally balanced by a short half-life of new genes and a high rate of gene loss [8] . The identification of seven cone opsin genes [9] and therefore the potential for heptachromatic vision in the Lake Malawi cichlids opens up a Pandora's box of untapped evolutionary potential that is constantly creating new genes.
The present evolutionary circumstances of the cichlid fish populations in the East African Lakes is providing a window into how rapidly molecular evolutionary mechanisms can kick into top gear, switch the balance towards keeping those newly duplicated genes and exploring new areas of genetic space. This type of 'evolution in waiting' may ultimately govern the expansion and diversification of whole populations to exploit newly available ecological niches through rapid speciation.
